Objective. To test the reproducibility of tests and criteria for generalized joint hypermobility (GJH) and benign joint hypermobility syndrome (BJHS). Methods. A standardized protocol for clinical reproducibility studies was followed using a three-phase study (with a training, an overall agreement and a test phase). An overall agreement of at least 0.80 was required to proceed to the test phase. Phases 1, 2 and 3 used 14 patients (with varying degrees of hypermobility), 20 patients (50% cases) and 40 patients (50% cases), respectively. The inclusion criterion for cases was hypermobility (patients with Ehlers-Danlos Syndrome or BJHS) and for controls, non-hypermobility (patients with shoulder and/or back pain); patients were selected from patients' files (phases 1 and 2) or included consecutively from our outpatient clinic (phase 3). Results. The overall agreement in phase 2 was 0.95 for GJH and 0.90 for BJHS. Reproducibility for diagnosing GJH and BJHS in phase 3 showed kappa values of 0.74 and 0.84, respectively. Kappa in the Beighton tests for diagnosing GJH (currently or historically) was generally above 0.80, except for the fifth fingers and elbows (!0.60). In the Brighton tests for diagnosing BJHS, kappa was above 0.73, except for the skin signs (0.63). Lowest kappa was found in the Rotè s-Qué rol tests, where it was !0.57, except for the right shoulder (0.31). Conclusion. We found a good-to-excellent reproducibility of tests and criteria for GJH and BJHS. Future research on the validity of the tests and criteria for joint hypermobility is urgently needed.
Introduction
Joint hypermobility (JH), i.e. increased joint range of motion (ROM), is seen either as a localized condition (LJH)-e.g. in a single joint-or a more generalized (GJH) one. When seen in parallel with musculoskeletal problems, the total condition is recognized as pathological, called hypermobility syndrome (HMS).
A dichotomous principle for judgement of JH was introduced more than 40 yrs ago. Instead of diagnosing hypermobility through ROM in degrees, several authors used fulfilment of a certain extreme ROM as criterion for hypermobility [1] [2] [3] .
The tests used were revised [4] [5] [6] , and currently the Beighton tests have gained international acceptance and seem to be the most widely used tests today for diagnosing general joint hypermobility (GJH). Curiously, the Beighton tests have only been described by five photos and a legend [6] . In the Spanish-speaking countries though, the Rote`s-Que´rol tests have mostly been used [3, 4] , supplementing the Beighton tests with tests for the shoulder, the cervical spine, the hip and the toe.
Two studies have reported data on inter-examiner reproducibility of hypermobility tests. In one study, kappa for the different Beighton tests varied between 0.79 and 0.93 and for the additional Rote`s-Que´rol tests between 0.44 and 1.00 [7] . In the other study, the same Beighton tests, except for one (fifth finger), showed kappa between 0.44 and 1.00 [8] . No studies have reported data on intra-examiner reproducibility of these hypermobility tests.
The term GJH indicates that ROM in general is increased compared with the mean ROM of the general population. GJH is claimed to be present in $5-15% of the general population, to be more frequent among children than among adults and to be slightly more frequent among girls/women than among boys/men [9] . However, there is no universally accepted criterion for GJH, and, except for one study that has tested the Beighton tests towards a global index [10] , neither the Beighton tests nor the criterion for GJH have been tested for validity [11] . Several different cut points for GJH have been used, e.g. a Beighton score of !6 positive tests out of 9 [12] , !5 positive tests [13] and !4 positive tests [14] . Nevertheless, the diagnostic reproducibility has only been reported when using !6 positive tests for GJH with the result: good to excellent [12] .
HMS was first described by Kirk et al. [2] as a pathological condition characterized by JH and musculoskeletal complaints. HMS was later renamed benign joint hypermobility syndrome (BJHS), and a set of tests, signs and symptoms-the Brighton criteria-was suggested and later revised [14] . These criteria include both subjective and objective findings, of which some are also included in the set of criteria for the more serious diseases with hypermobility, such as Ehlers-Danlos syndrome (EDS), Marfan syndrome (MF) and Osteogenesis Imperfecta (OI). The criteria for BJHS include two major and/or eight minor criteria (Appendix 1). The two major criteria, a Beighton score !4 positive tests out of 9 (either currently or historically) and arthralgia in !4 joints for more than 3 months, are more or less given a priori. However, a scientific basis for the minor criteria has only vaguely been described [14, 15] . Neither data on reproducibility nor on the validity of the Brighton criteria for BJHS have been reported.
In one of the aforementioned studies, the authors were aware of increasing the overall agreement through a training phase, but the overall agreement was not reported [7] . Neither study [7, 8] took the prevalence of the condition in the sample population into consideration before calculating kappa.
The aim of this study was to analyse the inter-examiner reproducibility of first, the criteria for the diagnoses GJH and BJHS; second, the Beighton tests; and third, supplementing Rote`s-Que´rol tests [4] and the tests for BJHS (the Brighton criteria). In addition, the aim was to analyse the agreement or the mutual dependencies between the different Brighton tests and criteria and the final diagnosis of BJHS.
Methods

Study design and tests
In order to optimize the conditions for analysing reproducibility of the tests and diagnoses, a three-phase study was performed as described in a standardized protocol for clinical reproducibility and validity studies [16] . In all the three phases, the included tests were the Beighton tests [6] and the Brighton criteria for BJHS [14] ( Tables 1 and 2 and Appendix 1). Performance of the Beighton tests was measured according to photographs [6] and descriptions [14] . Each Beighton test started with a performance of the test by the examiner along with a question. Two of the tests (the first and fifth finger tests) were performed passively by the patients themselves and without muscle contractions. The three other tests (knee, elbow and forward bent back) were performed in a position where the passive structures were challenged mostly (i.e. in extreme positions). Three Rote`s-Qu´erol tests for hypermobility were included, representing the hip, the shoulder and the cervical spine [4] , since these joints are not represented in the Beighton tests (Table 3 and Appendix 1).
A standardized clinical protocol was developed (Appendix 1), including the tests for current and historical information. Only if a test was negative currently was the patient asked whether it had been possible to perform a positive test previously (historical information). Each of the positive Beighton tests counted 1 point, giving a maximum of 9 points. Since there is no universally accepted cut-off level for the diagnosis of GJH, we defined a Beighton score of !5 positive tests out of 9 to be the criterion for GJH.
Initially, two examiners were trained in order to eliminate the subjective part of the test evaluation as much as possible through a detailed description of the tests, including cut-off points for judging a test as positive or negative-the training phase (phase 1). Second, an agreement phase (phase 2) was undertaken, and for dichotomous data, an observed agreement of !80% for both GJH and BJHS was decided in advance as a requirement for proceeding to the 'real' test phase (phase 3). If the overall agreement was <80%, phases 1 and 2 had to be repeated until the agreement was at least 80%. This would in turn include a new training phase and a revised test description.
Inter-examiner reproducibility with nominal data is usually calculated by Cohen's-, which is dependent upon the overall agreement and upon the prevalence [17, 18] . Thus, in phases 2 and 3, the prevalence of the positive tests was designed to be close to 50% to facilitate the interpretation of results by maximizing kappa. Further, to avoid systematic bias, the sequence of the tests was performed in a random order.
Patients
Patients were aged between 18 and 71 yrs. Cases and controls for phases 1 and 2 were randomly selected from files of patients previously referred to the out-patient clinic of the Department of Medical Orthopaedics and Rehabilitation between 2000 and 2006, and were seen a minimum of 6 months prior to the experiment. Cases and controls in phase 3 were new patients referred to our out-patient clinic and consecutively included in the study. No matching criteria were applied.
Phase 1 included 14 cases with the inclusion criterion of 1-9 positive Beighton tests, and phase 2 included 10 cases with the diagnoses BJHS (ICD-10: DM 35.7) or EDS (ICD-10: DQ79.6) and 10 controls consisting of non-hypermobile patients with back or shoulder pain.
Phase 3 consisted of 20 patients referred for BJHS or EDS and 20 controls referred for back or shoulder pain. An arbitrary number of 40 patients was selected as a 'statistical minimum' to perform simple reproducibility studies and as a practical choice to make the study easy and cheap to perform by not being too large [16] .
The Committee on Biomedical Research Ethics for Copenhagen and Frederiksberg, Denmark, approved the experimental protocol (jnr. KF 01-2006-178). Each patient gave written informed consent according to the Declaration of Helsinki [19] .
Procedures
All tests were performed in a random order with respect to right and left side and to the test sequence. In phase 1, the examiners (A and B) were unblinded, and the test results were discussed until consensus was reached, and the test description was revised if necessary. In phases 2 and 3, each examiner was blinded with respect to the test results by the other examiner and the diagnosis. Half of the patients (cases as well as controls) were examined first by examiner A and the other half by examiner B. Two observers (C and D) checked the blinding of the examiners, the performance of the tests in a randomized order and in accordance to the test description. If a current test could not be performed (e.g. because of pain) and if a patient could not remember whether a specific condition had been present historically, the test results were coded as a negative answer (0).
Data analysis and statistics
For the dichotomous data, Cohen's , statistic [presented with 99% confidence intervals (CI)] was used for each of the single tests and criteria for GJH and BJHS [18] and also for the mutual dependencies between the Brighton tests and signs and the final diagnosis of BJHS [16] . For the continuous data, intra-class correlation coefficient [(ICC) model 2.1, two-way random effects model] [20, 21] was calculated for the total scores and signs. McNemar's test was used to test for significant differences between the two examiners regarding frequency of positive tests and Mann-Whitney's U-test for differences between cases and controls with respect to age, with P < 0.05 as the level of significance. The statistical program used was SPSS (SPSS Inc., Chicago, IL, USA, version 13.00).
Results
In phase 1, tests for the knees, the elbows, the cervical spine, the hips and the shoulders needed most training and discussions, including the questions on historical information.
In phase 2, the overall agreement for GJH was 0.95 (19 out of 20 patients were classified equally, 7 as positive), and for BJHS it was 0.90 (18 out of 20 patients were classified equally, 11 as positive).
In phase 3, cases were significantly younger than controls (34.2 yrs, S.D. 14.3 vs 46.4 yrs, S.D. 17.0, P ¼ 0.02) ( Table 4) . Using McNemar's test, there was no significant difference between the two examiners, except for left cervical rotation in the Rote`sQue´rol test (currently) ( Table 3) . Kappa values of the Beighton tests (currently) were between 0.61 and 1.00, except for the left fifth finger and left elbow, where it was 0.40 and 0.34, respectively (Table 1) . When including historical data, meaning either a current or historical prevalence, kappa increased to 0.71 and 0.63 for those two tests. For the total Beighton score, either currently or historically, ICC was 0.91. When calculating kappa for the diagnosis of GJH, it was 0.74, with an overall agreement of 0.88 (35 patients were classified equally, 14 as positive). Kappa values for Rote`s-Que´rol tests were generally lower, between 0.31 and 0.80, currently as well as either currently or historically (Table 3) , and lowest kappa values were right cervical rotation, right shoulder rotation and right hip abduction. ICC for the Rote`s-Que´rol tests was 0.83.
Kappa for the various Brighton tests were above 0.73 (Table 2) , except for abnormal skin signs and 'marfanoid habitus' signs (between 0.55 and 0.66), while ICC for the total number of minor criteria was 0.87. For the diagnosis of BJHS, kappa was 0.84, with an overall agreement of 0.93 (37 patients were classified equally, 23 as positive).
By means of the -statistics, the mutual dependencies between the single Brighton tests and signs and the final BJHS diagnosis were calculated, and thus the frequency by which each test and sign was used for diagnosing BJHS was illustrated for each examiner compared with a random frequency. In Table 5 , kappa values indicated that examiners A and B particularly used major criteria 1 and 2, besides the minor criteria 1, 6, 7 and the presence of a first degree relative to make the final BJHS diagnosis. Furthermore, the examiners agreed to diagnose BJHS mainly by the combinations of two major or four minor criteria.
Discussion
In spite of a different cut-off level used for the diagnosis of GJH, the present reproducibility of the criterion ( ¼ 0.74) was at the same level as previously reported (0.78) [12] . For the diagnosis of BJHS, kappa was 0.84 that is usually accepted as a goodto-excellent level of reproducibility. The present reproducibility of the Beighton tests-kappa values mostly above 0.80-was at the same level as found in previous studies [7, 8] , except for the fifth fingers and elbows (!0.60), and also the present higher kappa for the Beighton than the Rote`s-Que´rol tests is in agreement with previous results [7] . For most of the tests used in the Brighton criteria, kappa was well above 0.73, except for the abnormal skin signs (0.63). There is no other reproducibility study to compare the present results on the Brighton criteria with. All ICC values (the number of Beighton tests, the Rote`s-Que´rol tests and the number of Brighton criteria) were good to excellent (0.83-0.91).
In none of the two basic test descriptions for the Beighton tests [6, 14] is it stated precisely whether the tests should be performed actively or passively, and naturally this may be a potential source of discrepancy in the interpretation of results from different studies. With this strict and standardized protocol of training and testing, generalizability to the clinical practice may be low, unless the health personnel is relevantly trained. It must be noted that generalizability to, for example, other professional groups is not only depending on the examiners' clinical experience in joint mobility measurements, etc. (here it was many years), but also on the extent that the examiners are able to follow the strict test procedures according to a strict and standardized protocol.
In one of the two only reproducibility studies [7] , kappa was between 0.79 and 0.93 for the Beighton tests and between 0.44 and 1.00 for the Rote`s-Que´rol tests. In that study, the prevalence of cases (a score of !5) was 114 out of 173 (66%). In contrast, the second reproducibility study [8] reported lower kappa values on four of the Beighton tests (between 0.44 and 0.82 for two experienced rheumatologists) and even lower kappa when comparing experienced rheumatologists with inexperienced rheumatologists or with the parents of the tested children (kappa between <0.40 and 1.00). In that study, the population was a random selection of 100 children, and the prevalence of positive tests varied between 37 and 50% when tested by the parents and between 13 and 88% when tested by experienced rheumatologists. Taken together, both studies had a prevalence mostly well above or below 50%, influencing kappa negatively [17, 18] .
The missing training phase in one of the studies [8] , in addition to the missing overall agreement phase in both studies, may have further influenced kappa negatively. A missing randomization of the test sequence in one of the studies [7] may result in a bias towards a higher kappa. In both the studies, the examiners were blinded, but in the present study, where also they were blinded, we cannot exclude that the results were influenced by the number of older participants among cases in phase 3. However, the difference between the groups was only 12 yrs as a mean, and patients' ages are not always easy to judge by sight; moreover the number of tests was large (n ¼ 46), and hence this factor is less likely to influence the present results.
Some of the reasons for the present low kappa values with respect to current Beighton (left fifth finger and left elbow) and Rote`s-Que´rol tests (right cervical rotation and right hip abduction) could also be the low prevalence of positive tests (between 18 and 20% prevalence) as seen in previous studies. Including historical information, the prevalence increased remarkably along with the kappa. This is illustrated clearly in the left elbow and the left fifth finger, where the overall agreement increased by 6 and 10% and the prevalence increased by 65% in both the tests. At the same time, the probability by chance only decreased by 16 and 20%. For another of the Rote`s-Que´rol tests, though (right shoulder external rotation), a low current prevalence was also found. Here, the prevalence only increased a little by including historical presence (from 10 to 13%), while the observed agreement and the probability by chance decreased (from 93 to 85% and from 85 to 77%), and this resulted in a considerably decreasing kappa (from 0.53 to 0.31, equal to a 42% decrease).
For all the Rote`s-Que´rol tests, the generally low kappa values may also be explained by a missing requirement of an overall agreement of at least 80% in phase 2. Although the overall agreement was mostly high (between 0.70 and 0.90), there was actually a significant difference between the examiners in one of the tests (left cervical rotation test), indicating a difficulty in performing, judging and interpreting the patients' historical information. This may indicate some unrecognized difficulties with these tests. Generally, the Rote`s-Que´rol tests were also the tests with the lowest kappa in one of the previous reproducibility studies [7] , although they were higher than in the present study (with higher prevalences), but they also had no randomization of the test sequence. In future studies, these tests need to be standardized further or be substituted by other tests for hypermobility, e.g. other joints or planes of movement. A low prevalence of skin hyperextensibility was also seen (28%), which may very well be one of the reasons for this relatively low kappa (0.55). One may argue that the cut point, !3 cm for skin hyperextensibility, was too high as an arbitrary level. However, neither the Villefranche criteria [13] nor the Brighton criteria [14] give any level for abnormal skin extensibility. A level of >4 cm has been used as a pathological level for the EDS diagnosis [22] , and as BJHS is considered a less serious condition than EDS, we selected the level !3 cm as the pathological level for BJHS.
Generally, it may be argued that missing data were reduced by coding non-performance of a test (because of pain e.g.) and nonremembering of a historical presence as negative answers. Patients could not perform the movement due to pain in only 1.5% of the tests; thus, the influence on kappa is small. Patients could not remember historical presence in 28% of the questions, which is a relatively large percentage (15% corresponding to the Rote`sQue´rol tests, 2% for family hypermobility and 11% for the Beighton scores). Unfortunately, we are not able to give a clear estimate of this influence on kappa, since there was no clear pattern of how it affected the observed probability and the probability by chance. Since a clinician normally will interpret an unclear historical answer as a 'no', we found it relevant to interpret the answers in the same way. However, this high percentage naturally questions the use of this parameter as a valid criterion.
In addition to reproducibility, the criterion validity of the tests and criteria must be known. Although the present study was not designed as a validity study, we analysed the influence of further requirements for diagnosing GJH on the number of patients with GJH, besides the mutual dependencies between the major respective minor criteria and the final BJHS diagnosis.
The number of patients diagnosed with GJH, which is claimed to be a general condition and consequently should require positive tests for both upper and lower parts of the body, was reduced in the present study by 2 out of 14 patients (14%) with these requirements. If, additionally, a positive back test was required, 1 out of the 14 patients (7%) was excluded from the diagnosis of GJH. Whether a larger percentage of patients would be excluded when using these additional criteria in a larger population is not known.
The criteria for BJHS were primarily proposed for research protocols [23] , but were also recommended as a useful clinically diagnostic tool, although no studies support the validity of these tests and criteria. In the present study, some of the tests were not positive at all and thus infrequently used for the diagnosis of BJHS (i.e. bilateral ptosis, anti-mongoloid slant and some of the anthropometric dimensions for 'marfanoid habitus', Beighton score <4, arthralgia in less than four joints and varicose veins), while others (e.g. myopia) appeared frequently in both cases and controls (Table 5 ). In total, 14 patients (35%) had a positive family history, but of those only six (15%) patients had two minor criteria in addition, and were given the diagnosis of BJHS. Kappa was only 0.16 and 0.25 (Table 5) , showing that the examiners in diagnosing BJHS rarely used this criterion. Neither did the exclusion of all the minor criteria seem to affect the reproducibility of diagnosing BJHS in the present study (also a kappa value of 0.84). The 'true' relevance of these minor criteria must therefore be tested in a large cohort of hypermobile patients compared with a sex-and age-matched control cohort. Further, whether the criteria for BJHS and GJH are valid in predicting, e.g. osteoarthritis and/or other musculoskeletal diseases, also remains to be tested longitudinally.
Conclusions
Following a strict and standardized protocol for clinical reproducibility studies, the reproducibility of diagnosing GJH and BJHS was found to be high, with kappa values of 0.74 and 0.84, respectively. Additionally, the Beighton tests for GJH (either currently or historically) and the Brighton criteria for BJHS showed a good reproducibility, with kappa values mostly above 0.80 and 0.73, respectively. However, reproducibility of the Rote`sQue´rol tests (currently or historically) for hypermobility showed considerably lower kappa values, mostly between 0.31 and 0.80, and consequently these tests need to be refined in the future. Further research on the validity of tests and criteria for GJH and BJHS is urgently needed.
plus hypermobility in an unequivocally affected first degree relative. BJHS is excluded by presence of EDS, MF or OI.
Tests for hypermobility in the neck, the shoulder and the hip according to Rote`s-Que´rol (currently or historically) included:
(1) Active guided lateral rotation of the head as far as possible without lateral flexion. If the nose of the person points behind the frontal plane (>908rotation), when sitting with straight back and neck, chin retracted, hands placed behind the body to stabilize the shoulder area, the test is judged to be positive. The examiner asks: 'How far can you rotate your head to the side?' If the test is negative, the examiner asks: 'Have you previously been able to rotate your head more/so much that your nose was pointing backwards?' (2) Active guided outward rotation of the shoulder joint as far as possible. If the forearm points behind frontal plane (>908rotation) when sitting, straight back, upper arm along gravity, elbow joint in 908 of flexion and close to the body with forearm in neutral position, the test is judged to be positive. The examiner fixates the coracoid process and the acromion and moves the patient's forearm, and the examiner asks: 'How far can you rotate your forearm to the side, while you keep your elbow close to your body?' If the test is negative, the examiner asks: 'Have you previously been able to rotate your forearm more/so that the forearm was pointing backwards?' (3) Active guided abduction of the hip until the pelvis moves.
If the leg can be abducted >458 from the neutral position when lying supine in the anatomically normal position, the test is judged to be positive. The examiner moves the calf with one hand and palpates the anterior superior iliac spine (SIAS) with the other hand, and asks: 'How far can you with a straight knee move your leg to the side?' If the test is negative, the examiner asks: 'Have you previously been able to move it further out to the side/so far that you were almost able to do the splits?'
